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ABSTRACT: 1
Although large salt marshes of the northeastern United States have been studied 2 extensively, very little is known about the smaller, fringing marshes in this area, despite the fact 3 that they are a common habitat type. We compared the functions and values of five fringing salt 4 marshes (FM) to those of five meadow marshes (MM) along the southern Maine/New Hampshire 5 coast. Specifically we compared their primary production, soil organic matter content, plant 6 diversity, sediment trapping ability and wave dampening properties. Also explored were the 7 relationships between these functions and several physical characteristics at each site, including 8 soil salinity, percent surface slope, elevation and size. 9
Differences between fringing salt marshes and meadow marshes included their soil 10 organic matter content (12% FM; 42% MM), plant species richness (8.8 FM; 15.6 MM) and 11 density of plant species in 1m 2 samples (2.8 FM; 4.5 MM). Although our results suggest that 12 fringing marshes trap more sediment per unit area than meadow marshes, this difference was not 13 significant, probably due to the great variability among sites. Traps located 1 m from the edge 14 trapped an average of 21.6 ±18.6 g m -2 d -1 (FM) and 3.2 ±0.8 g m -2 d -1 (MM), and traps randomly 15 distributed on the marsh surface trapped an average of 1.6 ±0.7 g m -2 d -1 (FM) and 0.6 ±0.2 g m 19
Ecological Functions of Marsh Study Sites 1
Five salt marsh functions at each of the ten salt marsh sites were evaluated using a variety 2 of indicators, each developed based on knowledge of the literature and previous experience. The 3 functions we assessed and the corresponding indicators we used to measure them are listed in 4 Table 2 . 5
Primary production of vascular plants at each site was evaluated by measuring the annual 6 standing crop, including both live aboveground and live belowground plant biomass. Samples 7 were collected from the nine random sample points (stratified by proportion of low and high 8 marsh) at each marsh site at the end of the growing season (late August) by clipping all 9 vegetation in a 0.25 m 2 quadrat. Live plants were washed, then separated from dead material of 10 previous years and dried at 60 º C for 48 hr and weighed. A sediment core (20 cm deep, 3.5 cm 11 diameter) was taken from each quadrat, then washed on a 2 mm screen. Live roots and rhizomes 12 were separated from dead material and then dried at 60 º C for 48 hr and weighed to determine 13 belowground biomass (Gross et al. 1991) . 14 To determine soil percent organic matter content, a core (15 cm deep; 3.5 cm diameter) 15 was taken from each of the nine sample stations, and percent organic matter in the sediment 16 determined from weight loss upon ignition in a muffle furnace (400ºC) for 4 hr (Craft et al. 17 1991) . 18 Sediment filtration and trapping was assessed by measuring the amount of sediment 19 accumulated on sediment traps (discs) over a ten day period in mid-August. Sediment traps were 20 designed after those of Reed (1989) , and consisted of a pre-weighed mylar disc (8 cm diameter) 21 attached to a piece of sheet metal with plastic coated clips and held onto the marsh surface by 6 22 in long metal sod staples. Five sediment traps were distributed randomly at five of the sample 23 8 stations at each site, stratified by proportion of low to high marsh. Five additional traps were 1 placed on the marsh surface 1 m from the water's edge. These traps were randomly distributed 2 along the seaward edge of each marsh site. Three traps were also placed in areas where no marsh 3 was present, adjacent to the five fringing marsh sites. Discs were collected after two weeks, 4 dried at 60 º C for 48 hr and weighed. In addition, the surface elevation and the distance between 5 each trap and the seaward edge of the marsh were measured. The number of plant stems and the 6 percent cover of plant species present in a 1 m 2 quadrat around each trap on the marsh surface 7
were also recorded. The suspended sediment concentration in the water flooding the marsh 8 surface at high tide was determined by collecting water as it flooded all sites on the same spring 9 tide night. Samples were later filtered through pre-weighed 0.45 µm glass fiber filters, then dried 10 at 60 º C for 48 hr and weighed. 11
The species richness and relative abundance of higher plants were assessed once at each 12 site, in late July. Percent cover of all species in 1 m 2 quadrats was estimated visually using the 13 following cover classes: 0%, 0% < x ≤ 1%; 1% < x ≤ 5%; 5% < x≤ 10%; 10% < x ≤ 20%; and 14 continuing above 20% in 10% increments up to 100%. Total percent cover per quadrat did not 15 exceed 100%. The number of quadrats sampled on fringing and meadow marshes was based on 16 preliminary sampling and calculation of running averages for small and large marsh sites. The 17 results of this initial analysis indicated that the minimum number of quadrats needed on fringing 18 and meadow marsh sites was 10 and 30, respectively, in order to include the majority of plant 19 species on the two different sized sites. These quadrats were then distributed in a stratified 20 random manner, according to the proportion of high and low marsh at each site. 21
To assess how well fringing and meadow marshes dissipate wave energy, we looked at 22 the difference between wave heights at the marsh/water edge and 5 m and 7 m into the marsh, 23 along a transect perpendicular to the water's edge. We surveyed three of the fringing marsh sites, 1 three of the meadow marsh sites, and three areas where no marsh was present. Three transects 2 were laid out at each site, evenly spaced along the marsh/water edge. Stakes with meter sticks 3 attached were placed at 0 m, 5 m and 7 m along each transect. Waves were generated by the 4 wake of a 17' aluminum boat and then videotaped simultaneously at 0 m and 5 m, then at 0 m 5 and 7 m. Waves from the boat were filmed three times (takes) at 0 m and 5 m and three times at 6 0 m and 7 m along each transect. Videotapes were later viewed frame-by-frame (30 frames s -1 ) 7
and wave peaks and troughs were recorded for each take at 0 m and at 5 m or 7 m. The 8 maximum trough to peak height was determined for each take, as were the two wave heights 9 following the maximum wave. The percent reduction in maximum wave heights from 0 m and 5 10 m, and from 0 m to 7 m was calculated for the three takes at each transect and then averaged. 11
The mean height of three waves (maximum and two following) per take was also calculated and 12 then the percent reduction in this 'three wave mean' height was determined from 0 m and 5 m, 13 and from 0 m to 7 m. Finally, percent wave height reduction values (maximum and three wave) 14 obtained for the three transects were averaged to determine means for each fringing marsh, 15 meadow marsh and 'no marsh' site. In addition, the depth of the water at the time of filming was 16 also recorded at the 0 m, 5 m and 7 m points along transects. 17
Before comparing fringing marsh and meadow marsh functions, the possible relationships 18 between each of the functions and the physical characteristics measured at the sites were 19 explored. Scatterplots were drawn comparing the quantitative assessment for each function with 20 each of the physical characteristics investigated for that function. Correlation coefficients were 21 then calculated for each function-physical characteristic pair. Results of these correlations aided 22 in the choice of which variables to use as covariates in the means comparisons described below. 23
For each of the functions in Table 2 and their associated metrics, the means and standard 1 errors of the five fringing marshes and the five meadow marshes were calculated. Means were 2 also calculated for the areas where no marsh was present when assessing sediment filtration and 3 trapping, and the dissipation of wave energy. Analysis of Variance (ANOVA) or Analysis of 4 Covariance (ANCOVA) was then employed to compare the mean values from the fringing marsh 5 sites with those of the meadow marsh sites for each function. If data were collected at 'no marsh' 6 sites, these were included in the means comparisons as well. 7
Data collected to assess the function of maintenance of plant diversity were analyzed to 8 compare the number of species per site, species density, and evenness (E) of vascular plant 9 species in meadow and fringing marshes. The percent covers of Spartina alterniflora and of the 10 dominant high marsh species Juncus gerardii, Puccinellia maritima and Spartina patens were 11 also calculated for each marsh site. Average values for each of these plant community attributes 12 were then calculated and compared using ANOVA. Calculations were based on ten random 13 quadrats per marsh site when calculating plant species evenness (E), as this diversity parameter 14 requires an equal sample size to compare two communities. For the other indicators of plant 15 species diversity, fringing marsh means are based on ten quadrats and meadow marsh means on 16 thirty quadrats, although the means of ten randomly selected meadow marsh quadrats are also 17 presented. 18
19
RESULTS: 20
Physical Characteristics of Marsh Study Sites 21
Soil porewater salinity, surface elevation, marsh area and distance to the water's edge of 22 sample points were all significantly less in fringing salt marshes than in meadow marshes 23 (calculated as means of five sites; p < 0.05) ( Fig. 3a-d ). However surface slope was significantly 1 greater in fringing marshes than in meadow marshes (p < 0.01) (Fig. 3e) . To see how each marsh 2 contributed to these differences, Figure 3 also shows means and standard errors of the nine 3 samples at each marsh site. 4 5
Comparison of Fringing Marsh Functions to Meadow Marsh Functions 6
Primary production 7
We found no difference in the production of aboveground or belowground biomass 8 between fringing and meadow marshes (Fig. 4) . The slope of the marsh surface may affect 9 productivity in fringing marshes, as it was highly correlated with both aboveground (r = 0.941, p 10 < 0.05) and belowground (r = 0.951, p < 0.05) biomass. 11
12
Soil organic matter accumulation 13
The organic matter content of meadow marsh soils was significantly greater than that of 14 the fringing marsh soils (ANOVA; p < 0.001) (Fig. 5a ). The five fringing marsh sites had lower 15 surface elevations than the five meadow marshes, and two were significantly lower in elevation 16 (Fig. 3g) . Soil percent organic matter content was discovered to correlate with marsh surface 17 elevation (r = 0.801, p < 0.05) (Fig. 5b) , and in an ANCOVA of marsh type and elevation, 18 organic matter in meadow marsh soils was greater than that in fringing marsh soils, even after the 19 variability due to elevation was accounted for (p < 0.001). 20 1 Sediment filtration and trapping 2
Although there was on average more sediment deposited on the traps randomly 3 distributed on the surface of the fringing marshes than on the surface of the meadow marsh sites, 4 this difference was not significant (Fig. 6a) . Areas where no marsh was present had an even 5 greater amount of sediment deposited per unit area. However the variance around the mean was 6 extremely high for 'no marsh' areas, with the standard deviation (6.84) greater than the mean 7 (4.24 g m -2 d -1 ). A comparison of the means for meadow, fringing and 'no marsh' areas showed 8 no significant difference in the amount of sediment deposited on these three site types, even after 9 removing the variance associated with elevation, which was a significant (p < 0.001) covariate in 10 the model (ANCOVA; p = 0.374, log transformed data). If elevation was not included in the 11 model, then p = 0.134 (log transformed data). Sediment deposition was less at sites with a higher 12 mean elevation, at both fringing and meadow marsh sites. 13
Traps placed just one meter in from the edge of the marsh sites collected more sediment 14 than those that were distributed randomly, as expected. Once again there was no significant 15 difference in the mean amount of sediment deposited on fringing, meadow and 'no marsh' sites, 16 as determined by ANCOVA with elevation used as a covariate (p = 0.120, log transformed 17 data) (Fig. 6b) . If the variability due to elevation was not removed, p = 0.721 (log transformed 18 data). It should be noted that one trap at site DIM had an unusually large amount of sediment 19 deposited on it (1847.89 g m -2 d -1 , compared to the next highest value of 0.92 g m -2 d -1 ). This 20 was attributed to the presence of a nearby culvert, which greatly increased the velocity of the 21 water moving through the area, most likely causing large amounts of sediment to be resuspended 22 and deposited. This data point was therefore considered as an outlier and was discarded. 23
We had expected that suspended sediment concentration of the tidal water moving onto 1 the marsh surface would influence the amount of sediment deposited on the sediment traps, but 2
this is not what we observed in meadow marshes (Fig. 7) . Although significant in fringing 3 marshes, the relationship in Figure 7 is driven by observations at a single site (r = 0.999, p < 4 0.001). We did find that vegetative cover may influence the amount of sediment deposited on the 5 marsh surface, however. The greater the percent cover of plants around sediment traps, the less 6 the amount of sediment deposited (r = -0.732, p < 0.05). 7 8 Maintenance of plant communities 9
Several measures of plant diversity showed no significant difference between fringing 10 marsh and meadow marsh plant communities. The Shannon-Weiner Index (H'), Evenness (E), 11 and species richness were all similar in the two marsh types (Table 3) . However, if the full 12 sample of thirty quadrats on meadow marshes was used, then species richness of meadow 13 marshes was greater than that of fringing marshes (ANOVA, p < 0.01). Although the percent 14 cover of Spartina alterniflora in fringing marshes was almost double what it was in meadow 15 marshes, this difference was also not significant, in large part due to the short form of this species 16 occurring in high marsh areas of meadow marshes. Species density, however, was less in 17 fringing marshes than in meadow marshes (ANOVA, p < 0.01). The total percent cover of the 18 dominant high marsh plants, including Spartina patens, Juncus gerardii, Distichlis spicata and 19 1 Dissipation of physical forces of waves 2 An example of the wave profiles generated from videotaping passing waves at 0 m (the 3 marsh edge) and at 5 m can be seen in Figure 8 . Along all transects at all sites, the heights of the 4 largest waves at 0 m ranged from 3.5 cm to 27.3 cm, averaging 12 cm tall. The 'three wave 5 mean' height (mean height of the maximum and next two waves) at 0 m ranged from 2.7 cm to 6 21.2 cm, with an average of 7.8 cm. 7
It should be noted that the waves used to calculate percent height reductions along each 8 transect were not shallow water waves. We determined this by measuring wavelengths of 9 suspect waves on the video screen and comparing them to water depths at those points. The 10 water depth was always significantly greater than 1/20 of the wavelength (Denny 1988) . 11
In both fringing and meadow marshes, the heights of the largest waves traveling 7 m 12 across the marsh surface were reduced by more than 60% (Fig. 9a) . Where no marsh was 13 present, wave heights were reduced by only 33%. This difference between marsh and 'no marsh' 14 areas was statistically significant (ANOVA, p < 0.05, square root transformed data; Student-15 Neuman-Keuls test, p < 0.05). The percent reduction in wave height across 7 m was less when 16 we considered the 'three wave mean' height (55% in fringing and 52% in meadow marshes, 17 compared to 28% in 'no marsh' areas), and again the difference between marsh and 'no marsh' 18 areas was statistically significant (ANOVA p < 0.05, square root transformed data; Neuman-Keuls test, p < 0.05) (Fig. 9b) . Hampshire coast, we studied how they function compared to large meadow marshes in the same 7 area. We discovered that fringing salt marshes are diverse in terms of their physical 8 characteristics and that this diversity is sometimes reflected in their ecological functions. We 9 also found that despite this diversity, fringing marshes as a group often function at levels similar 10 to meadow marshes. 11
Physical Characteristics of Fringing and Meadow Marsh Study Sites 13
In general, fringing marshes are narrower, steeper, and have lower mean surface 14 elevations than meadow marshes. They are also more variable than meadow marshes in terms of 15 their elevations and surface slopes (Fig. 3) . This variability is an important property of fringing 16 salt marshes, in part because elevation and slope may influence marsh function, as will be 17 discussed. In addition, their variability makes it difficult to describe a "typical" fringing salt 18 marsh. For example, some fringing salt marshes contain predominantly low marsh plant 19 communities, but others have extensive high marsh areas. Although the fringing marsh study 20 sites had statistically lower mean soil porewater salinity than the meadow marsh sites, this 21 difference was primarily due to the very low soil salinity at one fringing marsh site (Fig. 3a,f) . 1
We found no strong correlations between salinity and any of the functions we studied. 2 3
Comparison of Fringing Marsh Functions to Meadow Marsh Functions 4 Primary production 5
Our results demonstrate that the primary productivity of fringing marshes is as great as 6 that of meadow marshes, indicating that they are important contributors to estuarine food webs. 7
Mean aboveground production in fringing marshes was similar to that in meadow marsh sites, 8 and although the mean belowground production in meadow marsh sites was greater than that in 9 fringing marsh sites, this difference was not significant (Fig. 4) . It should be noted that although 10 harvesting the peak season standing crop as a measure of aboveground production is a commonly 11 used method, it underestimates true aboveground net production by 10-15% (Nixon and Oviatt 12 1973) . Comparing the aboveground biomass values we obtained to those of other studies is 13 difficult because of the variety of sample methods that have been employed to measure 14 aboveground production (Marinucci 1982) . Nevertheless, our values are within the range of 15 those found in studies of other Maine and New Hampshire salt marshes (Lindthurst and Reimold 16 1978; Gross et al. 1991) . 17
Studies of salt marsh belowground biomass production are few in number compared to 18 studies of aboveground biomass production, due to the difficulty of sampling and processing 19 belowground tissues (Gross et al. 1991) . However investigating the belowground component of 20 production is important, as it can be 4-7 times greater than that of aboveground production 21 (Marinucci 1982) . The belowground to aboveground biomass ratio was 4.8 in the fringing 22 marshes we sampled and 6.9 in the meadow marshes. Also, our values for belowground 1 production agree with what others have found in New England marshes (Lindthurst and Reimold 2 1978; Gross et al. 1991) . 3
The positive relationship we observed between above and belowground production and 4 surface slope (r = 0.941 and p = 0.951, respectively) could be attributed to the "streamside 5 effect." In general, marsh surfaces are more steeply sloped where they are adjacent to tidal 6 waters, either along the edge of a creek or along the seaward edge of the marsh, and aboveground 7 primary production is greater here (Gallagher and Kibby 1981; Burdick et al. 1989 ). Soils in 8 areas exposed to tidal waters more often are typically more well-drained, and sediment oxidation 9 rates are higher, so gas exchange between roots and the surrounding soils can take place more 10 rapidly than in waterlogged areas (Burdick et al. 1989 ). Although differences in belowground 11 biomass production in Spartina marshes have not been well studied, Gallagher and Kibby (1981) 12 found that streamside plants had greater recoverable underground reserves than back marsh 13 plants in a Carex lyngbyei tidal marsh. Ellison et al. (1986) also found that belowground 14 production in a Massachusetts salt marsh was greater at the marsh edge than on other parts of the 15
marsh. 16 17 Soil organic matter accumulation 18
Our results show that the percent organic matter content of meadow marsh soils is more 19 than three times that of fringing marsh soils (Fig. 5a ). The meadow marshes we sampled had 20 greater surface elevations than the fringing marshes (Fig. 3b) , and there was a positive correlation 21 between elevation and soil organic matter content (Fig. 5b) . Schmitt et al. (1998) also found an 22 increase in the amount of organic matter deposited in the sediment and on the marsh surface with 1 increasing elevation in a Massachusetts salt marsh. 2
If salt marshes are to keep pace with rising sea level, they must be able to accrete at a rate 3 equal to or greater than that of sea level rise (Donnelly and Bertness 2001, Patrick and DeLaune 4 1990 ). Vertical accretion relies on two sources of sediment; one from waters that flood the marsh 5 surface, and the other from above and belowground plant biomass which does not completely 6 decompose, contributing organic material to marsh soils (Redfield 1972; Nixon 1982) . The build 7 up of organic matter in marsh soils appears to be most important in the high marsh zone. In a 8 study of five Rhode Island salt marshes, Bricker-Urso et al. (1989) found that the contribution of 9 organic matter to accretion on the high marsh was more than twice that of inorganic sediments, 10 but in the low marsh the contribution of inorganic and organic sediments was equal. In addition, 11 Ellison et al. (1986) found that the decomposition rate of live roots and rhizomes was slower in 12 the high marsh zone than at the marsh edge. Lower decomposition rates in interior, poorly 13 drained high marsh soils may result in organic matter accumulation. The distance that sample 14 points are from the marsh edge has also been observed to correlate with soil percent organic 15 matter content. The percent organic matter in sediments of two Virginia salt marshes was lowest 16 at the water's edge and increased along a 30 m transect into their interiors (Kastler and Wiberg 17 1996) . In this study, we also found that the soil organic matter content correlated with the 18 distance the sample points were from the edge of the marsh (r = 0.704, p < 0.05). Our results 19 indicate that meadow marshes along the southern Maine/NH coast rely more on soil organic 20 matter accumulation for accretion than fringing marshes do. We conclude that the salt marsh 21 function of soil organic matter accumulation is performed to a greater extent in meadow marshes 22 than in fringing marshes. If this is the case, then to keep pace with sea level rise, fringing 23 marshes must rely to a greater extent on the trapping of inorganic sediments as their predominant 1 mechanism of accretion. 2 3 Sediment filtration and trapping 4 Reed (1989) first developed the technique of trapping sediment on filter paper discs 5 attached to the marsh surface. Due to the activity of green crabs in our area, we modified her 6 design and used discs made of Mylar, which crabs do not find so appetizing. In one study of 7 sediment deposition on Louisiana tidal marshes, Reed (1989) We observed that sediment deposition rates decreased with increasing elevation (r = -13 0.732, p < 0.05), probably because tidal waters cover marsh areas at higher elevations less 14 frequently and for a shorter period of time. Negative correlations between elevation and 15 sediment deposition have also been observed in Massachusetts (Schmitt et al. 1998) 
and North 16
Carolina (Leonard 1997) 
salt marshes. 17
Intertidal areas where no marsh vegetation was present (designated as 'no marsh' areas) 18 showed a greater rate of sediment deposition (0.62-16.44 g m -2 d -1 ) when compared to fringing 19 marshes or meadow marshes, but these differences were not significant (Fig. 6a) . Local 20 resuspension of surface sediment on 'no marsh' sites may have contributed to greater deposition 21 rates. We had expected to see reduced rates of sediment deposition on 'no marsh' areas, as the 22 presence and density of marsh vegetation has been observed to correlate positively with sediment 1 trapping (Gleason et al. 1979; Stumpf 1983) . 2
We also expected greater sediment deposition per unit area on fringing salt marshes than 3 on meadow marshes because, considering the length of marsh bordering tidal waters, fringing 4 marshes have a greater edge: area ratio than meadow marshes, so a finite sediment supply would 5 appear as more sediment deposited per unit area on fringing marshes. We did observe higher 6 rates of deposition on fringing marshes than on meadow marshes, but this difference was not 7 significant ( Fig. 6a) , likely due to the high variability in deposition rates between sites within 8 each site type. To eliminate any effect of the greater edge: area ratio of fringing marshes, we 9 placed traps at fringing and meadow marsh sites just 1 m from the water's edge. Again, the rates 10 of sediment deposition were greater on fringing marshes, but this difference was not significant 11 (Fig. 6b) . 12
Our results suggest that fringing marshes trap greater amounts of sediment per unit area 13 than meadow marshes, although the variability between sites was too high and our sample size 14 was too small to confirm this. With slower rates of organic matter accumulation than occur in 15 meadow marshes (Figure 5a ), the trapping of inorganic sediments is an important mechanism of 16 accretion for fringing marshes. Whether fringing marshes in this area are performing the 17 function of sediment filtration and trapping at levels sufficient to ensure that their rates of 18 accretion will keep pace with sea level rise is an important question that deserves further 19 investigation. The use of feldspar clay marker horizons to measure marsh accretion over several 20 years could help in answering this question (Cahoon and Turner 1989) . 21 21 1 Maintenance of plant diversity 2
Fringing salt marshes in New England are often thought to have very low plant diversity, 3
and to be comprised primarily of Spartina alterniflora (Cook et al. 1993; Bryan et al. 1997) . In 4 contrast to this, we found that fringing salt marshes often have very developed high marsh 5 communities. All of the fringing marshes we studied contained Spartina patens, a typical high 6 marsh plant, and at two sites, S. patens was more abundant than S. alterniflora. So although the 7 proportion of high marsh to low marsh in the fringing marshes we studied was less (0.7:1) than in 8 meadow marshes (3.4:1), high marsh species are an important component of fringing marsh plant 9 communities. 10
Our results did confirm that meadow marshes are more species rich than fringing salt 11 marshes in this part of New England (Table 3) . This is likely due to the "area effect" (the 12 number of species sampled increases with increasing sample size (Magurran 1988) ); species 13 richness was correlated with marsh area (r = 0.818, p < 0.05). Species density (number of species 14 present per m 2 ) was also greater in meadow marshes than in fringing marshes, and correlated 15 with marsh area (r = 0.676, p < 0.05). 16
The low marsh zone in New England salt marshes is typically dominated by Spartina 17 alterniflora, and the sites we studied fit this pattern. However the high marsh zone of the 18 majority of the meadow marshes in our study did not fit the pattern commonly observed in other 19
New England marshes, where there are distinct bands of S. patens and Juncus gerardii (Miller 20 and Egler 1950; Niering and Warren 1980) . Instead, the high marsh often contained large areas of 21 forbs (broad leaved plants), in a mosaic of patches of S. patens, J. gerardii and other dominant 22 high marsh grasses. Ewenchuck and Bertness (2004) also noted the occurrence of forb pannes in 23 a Wells, ME marsh (one of our study sites), and attributed the occurrence of these forb patches to 1 the waterlogged, anoxic soils found in northern New England salt marshes. Because northern 2 New England salt marshes have not been as extensively ditched as marshes farther south, they 3 tend to be wetter (Ewenchuck and Bertness, 2004) . Jacobson and Jacobson (1989) found mosaic 4 patterns of vegetation in a number of the Maine salt marshes they sampled, which they 5 hypothesized was due to microrelief in high marsh areas. 6
Although meadow marshes have greater species richness and density, their plant 7 communities are comparable to those of fringing marshes in terms of two other measures of plant 8 diversity, the Shannon-Weiner index (H') and Evenness index (E) ( Table 3 ). The Evenness index 9
we employed is the ratio of observed diversity to maximum diversity, E=H'/H max = H'/ln S 10 (Magurran 1988) . Values for E describe how close the set of species abundances for a marsh site 11 is to having maximum diversity, where the relative abundances for all species are equal. Our 12 results show that the relative abundances of species were similar in the fringing and meadow 13 marsh sites we sampled. It should be noted that these results are based on ten quadrats sampled in 14 both fringing and meadow marshes, as equal sample sizes must be used when calculating H' and 15
E. 16 17 Dissipation of physical forces of waves 18
Previous studies have shown that salt marshes reduce the height and energy of incoming 19 waves, helping to protect the adjacent upland from erosion (Knutson et al. 1982; Moeller et al. 20 1996) . In addition, salt marshes reduce wave velocity, resulting in increased sediment deposition 21 on the marsh surface and decreased sediment erosion (Leonard and Luther 1995) . We were 22 interested in knowing if marsh type (fringing or meadow) or other characteristics (vegetation, 1 slope) affected a marsh's ability to reduce the height (energy) of incoming waves. 2
Our results demonstrate that marsh type does not affect a site's ability to reduce the 3 height of incoming waves, with fringing and meadow marshes both causing waves to lose energy 4 as they traveled 7 m across the marsh surface (Fig. 9) . The maximum wave height was reduced 5 62% in fringing marshes and 64% in meadow marshes after traveling 7 m across the marsh 6 surface. These values are similar to those obtained by Knutson et al. (1982) , who found wave 7 heights reduced by 57% five meters into a S. alterniflora marsh, and 65% at ten meters. Leonard 8 and Luther (1995) found a 65% reduction in the turbulent energy of water coming onto the marsh 9 after it had traveled just 3 m in from the marsh edge. 10
Areas where no marsh was present were much less effective at reducing the height of 11 maximum waves (33% over 7 m), as expected. In Moeller et al.'s (1996) study of a S. 12 alterniflora marsh in England, they found that low marsh areas absorbed 2-3 times as much wave 13 energy as adjacent sand flats. 14 Our results demonstrate that for waves up to 27 cm in height (typical of boat or wind 15 generated waves), even narrow fringing marshes are capable of reducing wave energy by almost 16 two thirds, helping to protect adjacent shorelines from the erosive forces of waves. 17 18
Summary and Conclusions 19
Fringing Salt Marshes Defined 20
Found along the edges of bays and rivers, the fringing salt marshes of New England have 21 been described as relatively long and narrow in shape and dominated by Spartina alterniflora 22 
